The authors sought to analyze trends in hospital resource utilization and mortality rates in a population of patients who had received traumatic brain injury (TBI) surgery.
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T raumaTic brain injury (TBI) is the leading cause of death and long-term disability in the developed world, particularly in young adults. 11, 17, 28 Each year, a new TBI event occurs in an estimated 10 million people worldwide. 11 Projections indicate that TBI will comprise the third largest portion of the total global disease burden by 2020. 11 In the United States, an estimated 1.7 million people per year sustain a TBI, and approximately 5.3 million people live with a disability related to TBI. 1, 12, 16 In the year 2000, the estimated incidence of TBI in the United States was approximately 200-558 per 100,000 people, and the estimated overall economic cost of TBI was US $406 billion. 7, 13, 25 In Taiwan, an estimated 52,000 TBIs occur annually, and up to 25% of them are fatal. 5 Traumatic brain injury can result in substantial and lifelong cognitive, physical, and behavioral impairments that require long-term access to health care and disability services. 9, 21 However, predicting the level of health care service utilization associated with TBI is difficult because of its widely varying rates and extent of recovery. Health and disability services associated with severe TBI are a major cost in health and injury-compensation systems.
Although many studies have evaluated TBI outcomes, few longitudinal studies have exceeded 2 years' duration, 9, 12, 21 and most published data have been from populations in the United States or Europe. 5, 7, 9, 21, 25 Therefore, the findings of previous studies of TBI outcomes may not be generalizable to patient populations in Asian countries. In addition, no studies of patients with TBI have performed longitudinal analyses of survival and temporal trends in hospital resource utilization, and none has systematically Trends and outcome predictors after traumatic brain injury surgery: a nationwide population-based study in Taiwan evaluated associations with hospital resource utilization and survival rates in this patient group.
Making clinical decisions and policies for patients with TBI is challenging and requires good planning and effective medical care. Thus, the aim of this populationbased study was to explore trends and predictors of hospital resource utilization and mortality rates in a population of patients who had received TBI surgery.
Methods

Study Design and Data Sources
We analyzed administrative claims data obtained from the Taiwan Bureau of National Health Insurance (BNHI). Because the BNHI is the sole payer in Taiwan, the BNHI data set was assumedly the most comprehensive and reliable data source for the study. The subjects of this study were recruited by reviewing monthly patient discharge data released by the BNHI. The database contains a registry of contracted medical facilities, a registry of board-certified physicians, and monthly summaries for all inpatient claims. Because the analysis was limited to aggregate secondary data that could not be used to identify the patients, this study was exempt from full review by the internal review board at our institution. However, the study protocol conformed to the ethical standards established by the Declaration of Helsinki (1964), which do not require written or verbal consent for data-linkage studies.
Study Patients
The recruitment criterion was a recent (within the past 12 months) diagnosis of TBI coded according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), as a fracture of the vault or base of the skull (800.1-801.9), other skull fracture (803.0-804.9), or concussion, brain contusion, or brain hemorrhage (850.1-854.1). The current procedural terminology procedure codes included craniectomy (01.23, 01.25, 01.39, and 02.01), removal of epidural hematoma (01.24), removal of acute subdural hematoma (01.31), removal of chronic subdural hematoma (01.31), and removal of intracerebral hematoma (01.39). In patients who had undergone multiple TBI procedures, the most recent procedure was selected for analysis. Knowledge of the trends in cerebrovascular disease over the same period is limited. The reason for excluding patients with cerebrovascular diseases was to eliminate complicated cases in which the outcome of TBI may have been affected by previous cerebrovascular disease, which would have interfered with the analysis. Thus, the exclusion criteria included a history of more than 1 TBI surgery (n = 26,048), cerebrovascular disease (ICD-9-CM codes 430-438, n = 27,665), incomplete data (n = 4819), and an age of < 18 years (n = 5394). The final study sample included 18,286 patients who had received TBI surgery between January 1, 1998, and December 31, 2010.
Potential Confounders
The following attributes of this Taiwan population of patients with TBI were analyzed: age, sex, comorbidity, hospital level, hospital volume, and surgeon volume. The age categories were < 65 and ≥ 65 years. Comorbidities were identified by ICD-9-CM codes for the primary and secondary diagnoses, excluding cancer-related codes. These ICD-9-CM codes were used to calculate the DeyoCharlson comorbidity index (DCCI). 8 Hospitals were classified according to the Taiwan Joint Commission on Hospital Accreditation as medical centers (> 500 beds), regional hospitals (> 300 beds), or district hospitals (> 100 beds). The selective referral hypothesis postulates that the severity of TBI at admission may differ between high-volume and low-volume hospitals. Because hospital/surgeon performance information is unavailable to patients with TBI when they select their health care providers, patients tend to choose hospitals that have high rates of successful surgery and good reputations according to their relatives and friends. The hospitals and surgeons included in the database were sorted by total patient volume, and each was assigned a unique identification code. In accordance with outcome-volume studies performed by us earlier, hospitals that had performed 1-18 or ≥ 19 TBI procedures annually during the study period were classified as low-or high-volume hospitals, respectively, and surgeons who had performed 1-7 or ≥ 8 TBI procedures annually were classified as low-and high-volume surgeons, respectively.
21,24
Statistical Analyses
The unit of analysis in this study is the individual patient with TBI. Each characteristic of the study patients is expressed in terms of sample size (percentage) or median (interquartile range [IQR] ). The analysis of trends in the prevalence of patients with TBI was performed with the Cochrane-Armitage trend test. As in previous time-trend studies, the time periods selected for analysis in this study were 3 consecutive 3-year periods: 1998-2001, 2002-2005, and 2006-2010. 20,21 Odds ratios and 95% CIs were determined to assess the temporal trend in each factor when using Period 1 as the reference group in comparison with Period 3.
Hospital treatment costs were analyzed by collecting data for the following medical costs, which are required data for standard administrative claims for reimbursement from the Taiwan BNHI: operating room, radiology, physical therapy, hospital room, anesthetist, pharmacy, laboratory, special materials, surgeon, and others. Hospital treatment costs were adjusted for specific hospital levels according to their differences in BNHI reimbursements. Cost-to-charge ratios were used to derive costs from hospital charges, and costs were inflation adjusted to 2010 dollars. To reflect changes in real dollar value, cost data were also adjusted by the consumer price index for each year (1998-2010). Hospital treatment costs were then converted from Taiwan dollars to US dollars at an exchange rate of 30.5:1, which was the average exchange rate during 1998-2010. To avoid skewing during data fitting, the natural log-transformed regression models used to predict length of stay (LOS) and hospital treatment cost included patient and hospital attributes.
Survival distributions were calculated by the KaplanMeier method. Significant differences in the survival distributions were tested by the log-rank test. Multivariate survival analysis was performed with a Cox proportional hazards model.
Statistical analyses were performed using SPSS version 18.0 (SPSS Inc.). All tests were 2-sided, and p values < 0.05 were considered statistically significant.
Results
Regarding characteristics of the study patients, the estimated median age was 51 years (IQR 32-68 years); 73.3% of the patients with TBI were male ( Table 1 ). The estimated mean LOS was 24.3 ± 20.5 days, and the mean hospital treatment cost was $9697.40 ± $7998.40. Table 2 shows the data obtained by multiple regression models used to evaluate the predictors of LOS and hospital treatment costs. These data indicate that advanced age, male sex, a high DCCI score, treatment at a low-volume hospital, treatment by a low-volume surgeon, and survival of the hospitalization after TBI surgery were significantly associated with a long LOS concurrent with a high hospital treatment cost (p < 0.05).
In a multivariate Cox regression analysis, advanced age, treatment at a low-volume hospital, and treatment by a low-volume surgeon were significantly associated with a high in-hospital mortality rate after TBI surgery (p < 0.001) ( Table 3) . Advanced age, male sex, a high DCCI score, treatment at a low-volume hospital, and treatment by a low-volume surgeon were significantly associated with a high 5-year mortality rate after TBI surgery (p < 0.05). In addition, after adjusting all covariates, the estimated mean and median times of overall survival after TBI surgery were 83.0 ± 4.2 months and 28 months (IQR 9-83 months), respectively (Fig. 1) . The overall in-hospital and 1-, 3-, and 5-year survival rates were 74.5%, 67.3%, 61.1%, and 57.8%, respectively.
The prevalence rate of patients with TBI was 5.0 per 100,000 persons in 1998, and it gradually increased to 7.4 per 100,000 persons by 2010 (Table 4) . Thus, the rate of increase from 1998 to 2010 was 47.6%, which is statistically significant (p < 0.001). The estimated mean hospital treatment cost increased significantly (p < 0.001) from $8421.70 in 1998 to $10,027.10 in 2010, which is a 19.1% increase (Fig. 2) . The mean LOS increased from 23.0 days in 1998 to 24.9 days in 2010. Conversely, the in-hospital mortality rate decreased from 26.2% in 1998 to 23.7% in 2010. Thus, the rate of decline from 1998 to 2010 was 10.9%, which is statistically significant (p < 0.001). Table 5 shows the results of the trend analysis of pa tient characteristics from Time Periods 1-3. Ap proximately 70% of all the patients with TBI were ≤ 64 years old. Be tween Periods 1 and 3, the number of patients with TBI who were ≤ 64 years old significantly decreased (OR 0.90, 95% CI 0.85-0.95), but the number of those aged ≥ 65 years significantly increased (OR 1.29, 95% CI 1.19-1.39). Approximately 25% of all the patients with TBI treated from Periods 1 to 3 were female, and the number of female patients significantly increased between Periods 1 and 3 (OR 1.20, 95% CI 1.11-1.30). Conversely, the number of male patients significantly decreased between the same periods (OR 0.94, 95% CI 0.89-0.99). Between Pe riods 1 and 3, the number of patients with TBI and no co morbidities significantly decreased (OR 0.94, 95% CI 0.89-0.99), but the number of patients with TBI and 1 or 2 comorbidities significantly increased (OR 1.43, 95% CI 1.29-1.68, and OR 1.28, 95% CI 1.16-1.39, respectively). The data also reveal a statistically significant increase in the number of procedures performed in medical centers between Periods 1 and 3 (OR 1.11, 95% CI 1.03-1.20) but a statistically significant decrease in the number of procedures performed in regional and district hospitals between Periods 1 and 3 (OR 0.96, 95% CI 0.92-0.99, and OR 0.74, 95% CI 0.65-0.84, respectively).
Discussion
To our knowledge, this study is the first to have used a nationwide population-based follow-up study design for analyzing trends and predictors of hospital resource utilization and mortality in a population of patients who had received TBI surgery. Annual increases in the prevalence of TBI procedures were observed between 1998 and 2010. The data also confirm previous reports that age, sex, DCCI score, hospital volume, and surgeon volume are associated with TBI surgery outcomes. 18, 19, 21 National registry studies, such as those performed by the BNHI in Taiwan, are an excellent source of population-based data for use in evaluating the current practice for TBI. 3, 28 Unlike single-center series studies, data from registry studies provide an overview of practices in large populations while avoiding referral bias or bias reflecting the practices of individual physicians or institutions. 22 The temporal trend analysis of TBI surgery shows an increasing trend in hospital treatment cost and LOS from 1998 to 2010 but a decreasing trend in in-hospital mortality during the same time period. A possible explanation for this phenomenon is that improved intensive care practices in patients with TBI may have substantially increased LOS and cost even though they decreased the inhospital mortality rate. Additional studies are needed in the near future to examine the associations between medical resource utilization and mortality. Moreover, the number of patients with TBI and no comorbidities decreased, whereas the number of patients with TBI and 1 or 2 comorbidities increased. The difference may be attributable to an increased demand for medical care by those with 1 or 2 comorbidities, which would increase treatment cost and LOS. As expected, however, the data indicate that inhospital mortality had a significant negative association with LOS and hospital treatment cost. Patients with a Glasgow Coma Scale score of 3 and bilateral fixed and dilated pupils had a dismal prognoses (100% mortality rate). In comparison, 42.0% of the patients with reactive pupils died. 26 Whether the death of patients in the intensive care unit with severe TBI significantly contributes to shorter LOS and lower hospital treatment cost should be elucidated with future study.
The convenience and accessibility of the Taiwan national health insurance system may increase the likelihood of patients undergoing surgical procedures for TBI. Improved anesthetic techniques may also increase the number of people with comorbidities who are willing to accept surgical interventions. An increased prevalence of TBI surgery has been noted in patients > 65 years old, which is an age group that tends to prefer treatment in a large hospital or medical center. As the number of larger hospitals and the number of neurosurgeons qualified to perform TBI surgery increased to meet growing demand, the prevalence of high-volume hospitals and high-volume surgeons increased during the study period, but this increase was not statistically significant.
The analysis of patients with TBI revealed increases in LOS and hospital treatment cost from 23.0 days and $8421.70, respectively, in 1998 to 24.9 days and $10,027.10, respectively, in 2010. The analysis of temporal trends shows that patients with TBI tend to be characterized by advanced age and high DCCI scores, and treatment at a medical center was positively associated with hospital resource utilization. This association may explain why hospital resource utilization increased during the study period. 21, 29 It is notable that patients > 65 years old also revealed more comorbidities than the younger patients. A possible explanation is that hospital resource utilization tends to be higher in older patients because the number of comorbidities tends to increase with age. Moreover, as hospital resource utilization increases, patients requiring TBI tend to prefer high-volume surgeons and high-volume hospitals. Previous studies revealed several clinical parameters that are strongly associated with hospital resource utilization. 21, 29 However, the limited availability of claims data in our study precluded the analysis of many clinical parameters. The number of road traffic injuries is increasing globally, especially in Taiwan, because of the increasing number of vehicles and worsening traffic conditions. 15 Other Taiwan studies have shown that the severity of traffic injuries at the time of medical intervention tends to be more severe in males than in females. 5, 15 This difference may explain the relatively higher hospital resource utilization rate observed in males.
The literature agrees that patient and hospital attributes have strong correlations with in-hospital and 5-year mortality rates. 4, 20, 21 Advanced age reportedly has a strong positive association with a high DCCI score. A study by Chen et al. also showed that mortality rates tend to be higher in patients with several comorbidities. 4 The analysis of sex differences in 5-year mortality in the patients in this study who had received TBI surgery also indicated that 5-year mortality tends to be higher in males than in females. An earlier sex comparison of TBI also suggested that outcomes and recovery tend to be better in females than in males. 30 Although additional study is needed, a possible explanation is that the higher levels of circulating estrogen and progesterone in females than in males may confer a protective effect against TBI. 23, 30 This study also confirms the volume-outcome relationship in TBI operations and the synergistic effects of hospital and surgeon volume. Finally, the low in-hospital and 5-year mortality rates observed in patients treated by surgeons who had performed a high volume of TBIs in the previous year and the positive association observed between TBI outcomes and volume of surgeries performed by the surgeon and by the hospital in the previous year are consistent with those in other longitudinal studies. 21, 24 In the current study, the trend analysis of TBI reveals increasing hospital resource utilization, decreasing in-hospital mortality, and an increasing temporal trend in the prevalence of TBI, especially in elderly patients. All 3 trends were simultaneous and consistent over time. It is notable that the results are the opposite of those in America, where the incidence of patients with TBI being discharged to long-term acute care hospitals is increasing. 7, 13 Apparently, the percentage of patients treated at high-volume hospitals during the same time period was higher in Taiwan than in the United States. The potential benefits of TBI surgery observed in the elderly patients analyzed in our study may affect the management and surgical approach selected for elective surgery in elderly patients in other countries where surgical teams are adequately equipped and trained to perform TBI surgery. In addition, because of the increased gross domestic product in Taiwan during the study period, the total costs for hospital treatment for TBI surgery likely increased concurrently with the increased incidence of TBI in the aging population of this country. Advances in diagnostic technology and novel targeted treatments have also occurred. Improved medical techniques and recent advances in medical technology may explain the progressively improving outcomes reported in the literature. 7, 13, 16, 21 For instance, an increase in the number of patients who had undergone imaging would have increased the number of diagnoses of chronic subdural hematoma and would have shifted the demographic profile of the patients who had received surgery.
The current study shows that overall survival declined as the duration of time after TBI surgery increased, which indicates that patients who survived the in-hospital period did not necessarily have an improved long-term survival rate. Brown et al. 2 apparently reported similar findings. Another study of severe TBI by Leitgeb et al. revealed good outcomes in only 50.6% of patients 1 year after injury. 14 In contrast, 26.4% had a poor outcome, which was defined as a Glasgow Outcome Scale score of 1-3. The calculation of the financial burden of TBI generally includes direct costs such as those for acute care and rehabilitation. The indirect costs to family and society cannot be calculated. 27 The US Centers for Disease Control and Prevention estimated that the overall cost of caring for a patient with TBI, excluding surgical costs, can reach as high as $4 million. 6, 10 This study had several limitations that are inherent in any large database analysis. First, the clinical picture obtained by analyzing claims data is not as precise as that obtained by analyzing prospective clinical trial data because of possible errors in the coding of primary diagnoses and treatment modalities. The relationship between these factors and hospital resource utilization and mortality rate could not be evaluated. Second, complications associated with hospital resource utilization and mortality rate were not assessed, which limits the validity of the predictions. Third, the analysis did not examine outcome data such as patient-reported quality of life and indirect costs incurred after discharge. Fourth, this study did not include important data such as Glasgow Coma Scale scores, papillary examination results, or brainstem reflex data, because they were not included in the BNHI database. However, because all participants enrolled in this study were candidates for surgery, all patients had moderate-to-severe TBI. Thus, the study convincingly identified trends and outcome predictors after TBI surgery even without the data described above.
Conclusions
In conclusion, the results of this study show that a population-based study of TBI is feasible. Despite the huge and growing global burden of TBI, high-quality population-based studies of TBI incidence and outcomes are scarce. Our data analysis revealed an increased prevalence of TBI, especially in older patients. Moreover, hospital resource utilization increased, but mortality rates decreased. Health care providers and patients should also understand that hospital resource utilization and mortality rates depend on not only patient attributes but also hospital attributes. In addition, similar population-based studies of TBI incidence, causes, and outcomes in other populations are urgently needed to establish reliable surveillance systems for monitoring and evaluating intervention strategies, for implementing evidence-based health care planning, and for developing effective treatment, prevention, and rehabilitation strategies.
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